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ABSTRACT 
 
 
The need to study the treatment of urban stormwater was identified as Toowoomba 
Regional Council in partnership with the University of Southern Queensland 
investigates the feasibility of a stormwater harvesting scheme.  Urban runoff would be 
captured, treated to a non-potable standard and reused for local irrigation and 
industrial applications.  The study tests chitosan as a coagulant to remove suspended 
solids from the captured stormwater.  Reduced inflows to Toowoomba’s three major 
reservoirs and the depletion of basalt bores have emphasized the need to utilise urban 
stormwater.  The presence of contaminants including suspended solids, heavy metals, 
hydrocarbons and nutrients combined with a history of proven alternatives has seen 
stormwater harvesting projects generally overlooked.  The study tested the 
performance of chitosan against more traditional coagulants.  Chitosan is a 
biodegradable chemical compound produced from the pulverisation and dissolution of 
crustacean shells.  FlocClear BioPolymer™ has been sourced from Los Angeles, USA 
for the project.  FlocClear is a solution containing 2% chitosan acetate by weight.  
Chitosan will be compared to Magnasol 589, the chemical of choice at Toowoomba’s 
Mt Kynoch water treatment plant.  Samples were taken from a variety of urban 
catchments to ensure a representative range of stormwater turbidity, pH and particle 
size characteristics were tested.  Jar testing was employed using a rapid mixing speed 
of 100 rpm for 2 minutes.  Flocculation followed at 30 rpm for 20 minutes.  Settling 
time was 30 minutes.  The initial and final turbidity were measured.  Total suspended 
solids (TSS) tests were also conducted.  A relationship between turbidity and TSS was 
plotted to validate the results.  The results were analysed for compliance with the 
Queensland Water Recycling guidelines for non-potable class-A water.  Chitosan 
proved effective in the removal of suspended solids from urban stormwater 
particularly from high turbidity stormwater.  The maximum efficiency was achieved 
using a 5.0mg/L chitosan acetate dose.  The turbidity of the stormwater was reduced 
from 260.0 NTU to 8.9 NTU.  Chitosan is also capable of treating less turbid water 
which is seen by reducing a 19.5 NTU influent to 2.5 NTU using a 3.5 mg/L dose.  A 
form of sand filtration is required to further reduce turbidity below 2 NTU, to comply 
with the Queensland Water Recycling Guidelines. 
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NOMENCLATURE 
 
 
The following abbreviations have been used throughout the text:- 
 
 
TSS Total Suspended Solids (mg/L) 
NTU Nephelometric Turbidity Units 
Alum Aluminium Sulphate 
HCl Hydrochloric Acid 
Rpm Revolutions per Minute 
TRC Toowoomba Regional Council 
USQ University of Southern Queensland 
EPA Queensland Government - Environmental Protection Agency 
WWTP Wastewater Treatment Plant 
mV Millivolt 
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CHAPTER 1 
 
INTRODUCTION 
 
1.1. Outline of the Study 
 
The need to study the treatment of urban stormwater was identified as Toowoomba 
Regional Council in partnership with the University of Southern Queensland 
investigates the feasibility of an urban stormwater harvesting scheme.  Under the 
proposal urban runoff would be captured, treated to a non-potable standard and reused 
for local irrigation and industrial applications. 
 
The broader study will investigate methods of removing suspended solids from 
harvested stormwater from urban areas.  The focus this project is the use of chitosan 
as a coagulant in the sediment removal process.  Chitosan is a chemical compound 
produced from the pulverisation and subsequent dissolution of crustacean shells.  
Chitosan is used in the same manner as conventional coagulants but has the distinct 
advantage of being biodegradable. 
 
1.2. Background 
 
1.2.1. Stormwater Harvesting 
 
Reduced inflows to Toowoomba’s three major reservoirs and the depletion of basalt 
bores have emphasized the need to utilise urban stormwater.  Urban stormwater has 
the potential to ease the stress upon both these water resources.  Research in 
stormwater harvesting will suggest methods of treating urban runoff to current 
standards.  The focus will be on meeting non-potable standards in terms of both 
turbidity and suspended solids concentration. 
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Very few examples of urban stormwater harvesting schemes exist, particularly in 
Australia.  The presence of contaminants including suspended solids, heavy metals, 
hydrocarbons and nutrients, combined with a history of proven alternatives has seen 
stormwater harvesting projects generally overlooked.  The investigation of more 
complex forms of water supply including stormwater harvesting and wastewater 
recycling highlights the challenges researchers, planners and engineers face.  Coupled 
with the problem of pollutant removal is the capture and storage of stormwater.  This 
lies beyond the scope of this project but will be critical in determining the initial and 
ongoing viability of stormwater harvesting. 
 
There is little published evidence of the use of chitosan in water treatment in 
Australia.  It is hoped this study will replicate results of testing conducted abroad.  
Chitosan has been used successfully in Asia, Europe and North America to remove 
sediment from water.  Research indicates that chitosan removes suspended solids 
effectively from stormwater up to a turbidity of 1000 NTU (Washington State 
Department of Ecology, 2008).  Proving the above studies under Australian conditions 
will provide a renewable and biodegradable alternative to traditional coagulants. 
 
1.2.2. The Problem 
 
The characteristics of urban stormwater differ greatly from more traditional water 
sources such as surface and ground water.  The contaminants in stormwater vary from 
catchment to catchment, depending largely upon the land use in that catchment.  
Similarly the concentration of the contaminants will fluctuate due to the intensity, 
frequency and duration of rainfall events.  Thus, a treatment facility must be designed 
to rapidly adapt to a highly variable incoming water quality. 
 
A representative selection of raw stormwater from urban areas will be sampled and 
tested.  Water will be collected from creek systems, drainage structures and roadways 
throughout the research period.  Records from the Toowoomba Regional Council will 
also be used.  These records provide historical data of water quality in each of 
Toowoomba’s six major stormwater catchments.  Effective use of this data avoids the 
need to sample each catchment in detail.  Direct correlation between the prevailing 
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water quality and the test data will also indicate which locations are more suitable to 
chitosan treatment. 
 
1.2.3. Water Treatment Principles 
 
Coagulants and the process of flocculation are critical elements in conventional water 
treatment plants for removal of suspended matter.  In conventional water treatment 
facilities, extended retention time removes much of the particulate matter before water 
reaches the plant.  A stormwater harvesting plant must be able to process water with 
higher levels of suspended solids.  Conditions will be similar to those experienced in 
water treatment plants following periods of heavy rain and large inflows to reservoirs 
where water contains higher concentrations of suspended solids.  These conditions 
often require a preliminary sedimentation tank to remove heavy sediments (USQ, 
2007). 
 
1.2.4. Coagulation 
 
A coagulant is the chemical used to remove the suspended matter that will not settle 
after prolonged hydraulic retention time and or preliminary treatment.  Coagulants 
react with the colloidal particles to provide an absorbent precipitate.  Traditional 
coagulation with aluminium based chemical hydrolyses metal ions to form hydroxide 
floc and hydrogen ions (Gebbie, 2005).  Hydroxide floc is positively charged heavier-
than-water.  The hydroxide attracts the negatively charged colloidal particles.  
Coagulation is rapid and usually occurs in less than ten seconds from the time the 
coagulant is added (USQ, 2007). 
 
1.2.5. Flocculation and Sedimentation 
 
Flocculation is the process of agglomeration of the initial particles to form larger 
particles.  This occurs via collisions of the particles and subsequent aggregation.  
Depending upon the water characteristics, the coagulant used and the dose, 
flocculation can take 20-45 minutes (USQ, 2007). 
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Following flocculation most of the particles can be removed from the water via 
sedimentation.  Sedimentation settles the agglomerated suspensions by gravity.  This 
is achieved by passing water through a series of tanks at very low velocity.  Predicting 
settling time is complex and is a function of the tanks surface overflow rate (Flow 
Rate/Surface Area), particle size and density and water viscosity.  The settled material 
that remains is known as sludge. 
 
1.2.6. Chitin and Chitosan 
 
Chitin and chitosan are nitrogenous polysaccharides that are made up of 
acetylglucosamine and glucosamine units. (Benavente, 2008).  Chitin is the second 
most abundant polymer in nature.  It occurs naturally as ordered crystalline 
microfibrils forming structural components within the exoskeleton of arthropods 
(Rinaudo, 2006).  The primary source of chitin is seafood crustaceans (crab, shrimp, 
prawn and lobster shells) that are usually disposed of as waste material (Jang et al., 
2004).  Chitin is a hard, white, inelastic and inert solid and is not soluble in natural 
solvents.  Chitin is however soluble under mild acidic and basic conditions and is thus 
obtained as the residue after decomposition with acid and alkali (Bade, 1997).  This 
process involves first treating the shells with dilute hydrochloric acid to remove metal 
salts.  The shells are then ground, heated to about 100°C in 1-2 mol/L of sodium 
hydroxide to decompose proteins and pigments.  On drying, the off-white flakes that 
remain is known as chitosan (Sannan et al., 1976).  Global chitosan production was 
estimated to have reached 2,000 tonnes in the year 2000.  Other products capable of 
being produced from chitin include glucosamine and oligosaccharides (Kurita, 2006).  
Chitin based products are available commercially as dietary supplements, plant 
enhancers and water treatment chemicals. 
 
1.3. Research Objectives 
 
This project seeks to test chitosan against Magnesol 589.  Magnesol 589 is the 
primary coagulant in use at Toowoomba’s Mt Kynoch water treatment plant.  
Magnasol 589 is an aluminium based polymer coagulant.  The research project will 
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compare the coagulant performance of chitosan with that of a more conventional 
product (Magnasol 589) for the treatment of urban stormwater. 
 
1.4. Summary 
 
As can clearly be seen this project will test the feasibility of treating urban stormwater 
to non-potable standards using chitosan as a coagulant.  There is a clear and present 
need for this study as Toowoomba Regional Council searches for supplementary 
water sources in a time of unprecedented shortages.  It is hoped this research will 
offer an alternative to traditional coagulants. 
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CHAPTER 2 
 
LITERATURE REVIEW 
 
2.1. Introduction 
 
The literature review for the project will focus on three major areas.  The initial 
investigation will reveal the scope of the broader stormwater harvesting research and 
water quality requirements for non-potable reuse in Toowoomba.  Secondly, historical 
data from the Toowoomba Regional Council will be drawn upon to predict levels of 
turbidity and suspended solids that can be expected.  Lastly, a comprehensive review 
of literature pertaining to water treatment using chitosan will be undertaken.  
Conducting this research will provide an excellent platform from which to conduct 
laboratory testing.  The aim of the testing will be to validate much of the information 
contained in the literature review. 
 
2.2. Background 
 
The broader research in stormwater harvesting aims to develop a stormwater storage 
and treatment system that captures the first 15mm of polluted runoff from urban areas 
for re-use.  The system requires the integration of an innovative storage system with 
an advanced fast-rate treatment process normally used in the wastewater industry 
(Development of a Fast-Rate Stormwater Re-Use System, 2006). 
 
2.2.1. Current Stormwater Harvesting Practices 
 
Current urban stormwater treatment is classified as a slow-rate system.  Examples of 
slow-rate systems include sedimentation ponds, constructed wetlands and infiltration 
basins.  Treatment of polluted urban runoff is achieved in these systems through 
natural processes including settling and filtration.  They are known as slow-rate 
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systems as the physical and biologically based processes described above require 
lengthy detention times.  The time associated with treatment requires large storage 
volumes and output water quality varies greatly based on the flow through such 
storages.  Thus, there is a need to produce a system that can deliver consistent water 
quality and is independent of detention time and or the amount of rainfall 
(Development of a Fast-Rate Stormwater Re-Use System, 2006). 
 
2.2.2. Target Runoff 
 
The projects to develop a fast-rate stormwater re-use scheme focuses upon urban 
runoff from sealed surfaces.  Of major significance is runoff generated from roads, car 
parks, driveways and rooves.  These impervious surfaces generate runoff during 
almost all rainfall events and usually contain a high concentration of pollutants.  The 
construction of efficient drainage systems has meant these pollutants enter creeks and 
other waterways very quickly.  In a pre-urban state this of little concern as infiltration 
reduces the runoff, particularly during minor rainfall events (Development of a Fast-
Rate Stormwater Re-Use System, 2006). 
 
To reflect the above runoff and infiltration characteristics of urban landscapes, the 
first 15mm of each event is stormwater of most interest.  Observation and research has 
revealed that runoff begins from a precious surface after 15mm of rainfall.  This is an 
arbitrary value as it is known that infiltration will vary depending on rainfall intensity, 
and duration.  Soil characteristics and vegetation coverage will also impact heavily on 
runoff from pervious surfaces (Development of a Fast-Rate Stormwater Re-Use 
System, 2006). 
 
2.2.3. Potential Scales of Fast-Rate Systems 
 
The above stormwater harvesting principles can be applied on a variety of scales.  The 
Department of Local Government, Planning, Sport and Recreation propose three 
scales of possible operation (Development of a Fast-Rate Stormwater Re-Use System, 
2006). 
 
8 
Small-scale harvesting would capture runoff from a road.  The storage and treatment 
volumes would be small and the treatment technology could be tailored to the specific 
nature of road runoff.  Such a scale necessitates numerous small-scale systems 
distributed throughout an urban area to provide a viable supply (Development of a 
Fast-Rate Stormwater Re-Use System, 2006). 
 
Capturing the runoff from a subdivision is an example of a medium scale operation.  
Greater volumes will be available for treatment and stormwater characteristics will 
also differ as the runoff will be contributed from surfaces other than roads.  The 
Department of Local Government, Planning, Sport and Recreation suggest water 
quality may improve due to a diluting effect from roof water (Development of a Fast-
Rate Stormwater Re-Use System, 2006). 
 
The feasibility of a large-scale treatment plant must also be considered.  A large scale 
system would potentially capture stormwater from a creek downstream of an urban 
catchment.  Predictably the quantity of this runoff will increase.  Water could also be 
expected to contain an increased concentration of suspended solids due to the erosion 
of unlined creek banks.  This may cause a higher treatment load to the system 
(Development of a Fast-Rate Stormwater Re-Use System, 2006). 
 
None of these systems have a clear advantage as the economy of operating a central 
large-scale plant is offset by reticulation costs and deficiencies in water quality as the 
runoff travels further from its source.  This proves the need to conduct testing to 
determine the water quality from each style of catchment.  Future studies will be 
required to test the feasibility of operating various sized plants (Development of a 
Fast-Rate Stormwater Re-Use System, 2006). 
 
2.3. Recycled Water Quality Standards 
 
The standard to which recycled water must be treated in Toowoomba is governed by 
the Queensland Water Recycling Guidelines.  The primary purpose of the guidelines 
is to encourage and support water recycling that is safe, environmentally sustainable 
and cost-effective under Queensland conditions (Queensland Water Recycling 
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Guidelines, 2005).  The guidelines are geared toward recycling from wastewater 
treatment plants; however the same principles and standards can be applied to 
stormwater harvesting projects. 
 
2.3.1. Recycled Water Quality Classes 
 
The Queensland Water Recycling Guidelines classify water based on a series of 
categories ranging through classes A to D.  The water quality corresponding to each 
of these classes has been derived following a quantitative health risk assessment 
(Queensland Water Recycling Guidelines, 2005).  Class A is the highest quality water, 
and class D, the poorest.  The following table shows clearly the classes of water and 
acceptable levels for each contaminant. 
 
Table 2.1  Recommended water quality specifications for class A-D recycled water (EPA, 2005) 
 
 
 
The primary reason the guidelines stipulate an acceptable level of suspended solids is 
for disinfection requirements.  It has been noted that the presence of suspended 
material in recycled water is crucial to the effectiveness of most forms of disinfection 
(Queensland Water Recycling Guidelines, 2005). 
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2.3.2. Irrigation with Recycled Water 
 
Recycled water may be used for irrigation of public open spaces including parks, road 
verges, sports grounds, schoolyards, racecourses and cemeteries as well as pasture, 
agricultural, horticultural and silvicultural crops.  Table 2.2 shows that irrigation of 
public space that has uncontrolled access is required to utilise class-A recycled water.  
Lesser standards apply to sub-surface irrigation and irrigation of areas with controlled 
access.  To commercially and legally satisfy Toowoomba Regional Council and its 
customers, class-A water is essential.  Irrigation for food crops intended for direct 
human consumptions falls under the A+ classification.  This level far exceeds 
Toowoomba’s Regional Council’s requirements and will not be considered in this 
study. 
 
2.3.3. Recycled Water for Industrial Purposes 
 
Like recycled water for irrigation the standard for industrial purposes is based on the 
likelihood of human contact with the water.  Industrial uses for recycled water may 
include wash down, dust control on construction sites and quarries, boiler feed, 
process water, industrial cooling and mining as well as a broad range of other uses.  
Most industrial activities require class-C water.  Works on roads and other 
construction however requires class-A water as there is the possibility of human 
contact particularly from workmen and bystanders.  Works on roads and the use of 
quarry materials form the majority of projects undertaken directly by Toowoomba 
Regional Council.  Similarly, the council supply’s an increasing number of customers 
with non-potable water from the cities bores.  Thus, we will consider class-A standard 
water as the benchmark for the study as it clearly satisfies all council’s requirements.  
As seen in Table 2.1 the target turbidity and TSS for class A recycled water is 2 NTU 
and 5mg/L respectively.  The pH of treated water must be between 6 and 8.5. 
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Table 2.2  Recycled water uses, recommended classes and recommended monitoring (EPA, 2005) 
 
 
 
2.4. TRC Water Quality Monitoring 
 
Historical Toowoomba Regional Council stormwater quality data will provide vital 
information in the study.  The water quality records date back to November 2001.  
These records contain detailed pollutant levels in each of Toowoomba’s six major 
stormwater catchments.  Of interest in the study are levels of pH, turbidity and TSS 
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(Total Suspended Solids).  Other pollutants including conductivity, dissolved oxygen, 
temperature, nitrates, nitrites, nitrogen, phosphorus, biochemical oxygen demand, 
faecal coliform, enterococcus and chlorophyll-a are also recorded.  The above 
contaminants are not relevant to this project, but must be considered in later research.  
Figure 2.1 is shows Toowoomba’s major stormwater catchments.  TRC data does not 
include readings from the escarpment zone or the Dry Creek catchment. 
 
 
Figure 2.1  Map showing Toowoomba’s stormwater catchments (TRC, 2002) 
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The data will provide clues on potential sites to capture water for the testing.  A 
variety of sites will be selected to ensure representative ranges of suspended solids 
concentration are covered.  The data will also highlight any anomalies in the 
laboratory testing to be conducted.  Effective use of this resource will negate the need 
to conduct extra testing at all sites suitable for a stormwater treatment plant.  The 
complete stormwater quality graph for each of Toowoomba’s catchments is included 
as appendix D of the dissertation.  Shown below is a typical TSS/Turbidity graph that 
will be used to estimate the stormwater quality that a stormwater harvesting/treatment 
plant may encounter. 
 
Site 1 - Gowrie Creek: Suspended Solids and Turbidity Results
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Figure 2 2  Turbidity and TSS concentrations for Gowrie Creek (TRC, 2008) 
 
2.5. Chitosan Research 
 
To determine the initial feasibility of using chitosan as a coagulant to treat urban 
stormwater, thorough research was required.  Many studies existed, predominantly 
reported in journal articles.  Each study produced encouraging results using chitosan 
to treat various forms of polluted water including stormwater.  None of the studies 
were found to have originated in Australia.  Thus, an opportunity was presented to 
prove the effectiveness of chitosan as a coagulant under Australian conditions. 
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2.5.1. The Effect of pH on Flocculation 
 
The pH of the raw water has been found to dramatically impact on the efficiency of 
flocculation.  When testing chitison to remove silt suspensions from Indian river 
water, Divakaran and Pillai (2002) found that maximum turbidity removal was 
achieved at pH 7.  Divakaran and Pillai (2002) tested a range of pH levels from 4.0-
9.0 in increments of 0.5.  The dose rate was constant at 1.0mg/L and the initial 
turbidity recorded at 40 NTU.  The percentage of turbidity removed diminishes almost 
linearly to zero at pH 4 from a maximum at pH 7.  Similarly, the same occurs as pH 9 
water produces no reduction in turbidity. 
 
 
Figure 2.3  Effect of pH on the removal of turbidity in water, due to river silt, using chitosan. 
Initial turbidity=40NTU, chitosan dosage=1 mg/L. Vertical bars indicate standard deviation from 
six repetitions (Divakaran and Pillai, 2002). 
 
Similarly,  Huang and Chen (1996) proved that pH 6 was the optimum level when 
using chitosan to treat synthetically produced bentonite suspensions.  A chitosan 
dosage of 2mg/L combined to an influent water of 45 NTU reduced turbidity below 1 
NTU.  The above research suggests that water in the range of ph 5.0 to 7.0 will give 
the satisfactory results. 
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Figure 2.4  The residual turbidity of bentonite suspensions after jar-mixing/settling as function of 
pH (chitosan dosage = 2.0 mg/L; initial turbidity = 45 NTU) (Huang and Chen, 1996). 
 
2.5.2. Determination of an Optimum Chitosan Dosage 
 
There is a wide selection of research investigations that indicate an optimum chitosan 
dosage.  These studies represent testing of water qualities ranging from surface water 
at a municipal water treatment plant through to sediment laden runoff in construction 
sites.  As the characteristics of urban stormwater will almost certainly fluctuate, 
satisfactory performance of chitosan over a range of a range of dosages is paramount.  
Any chemical that has sensitivity to dose rate will cause inefficiencies in the 
operational and testing requirements of an urban stormwater harvesting plant. 
 
It must be considered that each study has used chitosan obtained from an alternate 
source.  Discrepancies will exist where chitosan solutions have been prepared in a 
different manner.  The concentration of remnant acetic acid used to dissolve the 
chitosan and the purity of the chitosan itself is expected to influence results. 
 
Chitosan studies of urban drinking water in Salerno, Italy by Rizzo et al. (2008) 
revealed key aspects regarding the treatment of relatively low-turbidity water.  The 
study was a comparison between chitosan and metal salts, namely aluminium sulphate 
and ferric chloride.  It was deduced that from a raw water sample at 16.6 NTU, peak 
performance was achieved at a chitosan dose of 1.0mg/L.  Figure 2.5 (a) shows that 
for pH neutral water (pH 7) there is only a gradual decline in performance as the 
concentration of chitosan approaches 10 mg/L.  When very low turbidity samples 
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were tested a significant difference was detected.  When a 1.0mg/L sample of chitosan 
is applied to 3.3 NTU water, a pH of 5 and 6 is preferable.  As the dosage increases 
the preference reverts to pH 7 and eventually results in better turbidity removal.  The 
above situation is shown in figure 2.5 (b).  The theory was extended on by showing 
the effect of turbidity removal versus initial turbidity as shown in Figure 2.5 (c). 
 
 
Figure 2.5  Effect of coagulation by chitosan on turbidity removal: (a) effect of chitosan dose and 
pH in high turbidity (16.6 NTU) sample (b), effect of chitosan dose and pH in low turbidity (3.3 
NTU) sample (c), effect of initial turbidity (Rizzo et al, 2008). 
 
TRC records indicate that runoff entering creek systems may be more turbid than 
those encountered by Rizzo et al. (2008).  Huang and Chen (1996) conducted chitosan 
testing using an initial turbidity range of 25 to 1000 NTU.  The test samples were 
synthetically prepared by the addition of bentonite and kaolinite clays in the form of 
powder.  Huang and Chen (1996) also prepared their own chitosan by crushing crab 
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shells to a powder and deacetylating chitosan from the chitin using sodium hydroxide 
(NaOH).  The results achieved by Huang and Chen (1996) are not far removed from 
those of Rizzo et al. (2008).  In dosing water of an initial turbidity of 30 NTU at both 
pH 4 and 7, excellent turbidity removal was measured.  Figure 2.6 and Figure 2.7 
shows average results for pH 4 and pH 7 respectively. This indicates that treatment 
performance is insensitive to pH, contrary to the findings of Rizzo et al. (2008).    
Unlike the study of Rizzo et al. (2008), the pH continues to have little impact as 
dosage increases beyond the optimum. 
 
 
Figure 2.6  The residual turbidity of supernatants after jar mixing/settling of coagulated particles 
with various chitosan dosages for an initial turbidity of 30 NTU at pH 4 (Huang and Chen, 1996). 
 
 
 
Figure 2.7  The residual turbidity of supernatants after jar mixing/settling of coagulated particles 
with various chitosan dosages for an initial turbidity of 30 NTU at pH 7 (Huang and Chen, 1996). 
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Huang and Chen (1996) proceeded to test the optimal chitosan dose upon more turbid 
suspensions of both their bentonite and kaolinite samples.  Interestingly the bentonite 
is far more easily removed than the kaolinite particles having the same initial 
turbidity.  This prompted Huang and Chen (1996) to add bentonite as a coagulant aid 
in form of a 100:1, bentonite: chitisan mix.  In doing this a dramatic improvement to 
the removal of kaolinite was achieved.  Finally, Huang and Chen (1996) proved a 
linear relationship between the optimum chitosan dose (combined with the bentonite 
coagulant aid) and the turbidity of kaolinite.  A pictorial representation of the findings 
of Huang and Chen (1996) is seen in figure 2.8 to 2.11. 
 
 
Figure 2.8  Optimal chitosan dosages for bentonite suspensions of various turbidity’s in acidic 
and neutral pH conditions (Huang and Chen, 1996). 
 
 
Figure 2.9  The residual turbidity’s of supernatant after jar-mixing/settling with various chitosan 
dosages for the 25, 100, 500 and 1000 NTU kaolinite suspensions and a 56 NTU raw suspension 
(Huang and Chen, 1996). 
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Figure 2.10  The residual turbidity’s of supernatant after jar-mixing/settling with various 
chitosan dosages and bentonite additive for the 25, 100, 500 and 1000 NTU kaolinite suspensions 
and a 56 NTU raw suspension (Huang and Chen, 1996). 
 
 
Figure 2.11  The comparison of the optimal chitosan and bentonite dosage with kaolinite 
suspensions of various turbidity’s (Huang and Chen, 1996). 
 
In an approach that best mirrors the levels of turbidity recorded in the TRC water 
quality monitoring data, Divakaran and Pillai (2002) determine an optimum chitosan 
dosage to treat river silt.  Again Divakaran and Pillai (2002) use a self-prepared 
chitosan solution created by similar means to Huang and Chen (1996).  The tests are 
conducted on pH neutral water collected from the Periyar River in India with initial 
silt suspensions from 10-160 NTU.  In most instances turbidity removal peaks at a 
chitosan dose of 0.5 mg/L.  Beyond this dose turbidity removal diminishes due to re-
stabilisation of the particles.  The phenomenon is more pronounced at lower turbidity 
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levels.  A summary of the results of Divakaran and Pillai (2002) in terms of optimum 
chitosan dosage can be seen clearly in Figure 2.12. 
 
 
Figure 2.12  Effect of varying chitosan dosage (in mg/L) on the residual turbidity attained, 
starting with water having and initial turbidity’s of 10-160 NTU at a pH of 7.  Vertical bars 
indicate standard deviation from six repetitions (Divakaran and Pillai, 2002). 
 
2.5.3. Particle Re-Stabilisation 
 
In the research of both Huang and Chen (1996) and Divakaran and Pillai (2002) the 
phenomenon of particle re-stabilisation is exhibited.  They recognise it but do not 
provide detailed explanations for its occurrence.  Ng et al. (2006) give a more 
thorough explanation in their study however.  Re-stabilisation occurs due to an 
overdose of coagulant.  The overdose of coagulant causes the normally negatively 
charged suspended particles to become coated in the positively charged hydroxide 
ions.  The particles then exhibit a net positive charge and repel each other as they did 
initially as negatively charged particles, thus becoming re-stabilised.  A measure of 
the charge upon the particle is its zeta potential, which is measured in millivolts (mV).  
Turbid water usually has a negative zeta potential.  This is neutralised by the addition 
of coagulant.  Treated water in which re-stabilisation has occurred, will possess a 
positive zeta potential. 
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2.5.4. Chitosan-Enhanced Sand Filtration Systems 
 
Technology developments in the field of chitosan enhanced sand filtration have 
proven effective in treating highly turbid water.  Several American companies have 
adapted practices usually confined to urban drinking water treatment to stormwater 
treatment.  This has applied to de-watering flooded construction sites and the in-situ 
treatment of polluted waterways.  Two such organisations are Natural Site Solutions 
and Clear Creek Systems, who both develop and recommend chitosan based water 
treatment services.  Each organisation utilises an alternate chitosan product.  
Examples of commercially available chitosan products targeted at the stormwater 
treatment market include StormKlear Liquifloc™ from Natural Site Solutions and 
FlocClear™ Biopolymer from Clear Creek Systems.  StormKlear Liquifloc™ is 1% 
chitosan acetate by weight, whilst FlocClear™ Biopolymer is a 2% solution of 
chitosan acetate. 
 
Natural Site Solutions’ operations centre on the implementation of relatively small-
scale chitosan-enhanced sand filtration systems.  Natural Site Solutions offer a range 
of treatment plants ranging up to plants capable of delivering a discharge of 2,900 
litres per minute.  In the absence of hydrological data it is assumed such systems 
would prove adaptable to a medium-scale harvesting operation as proposed by the 
Fast-Rate Stormwater Re-Use Scheme.  The operations and maintenance manual 
(Natural Site Solutions, 2003) supplied with the plants, claim to achieve 
approximately 50-60 percent efficiency in suspended solids removal in the absence of 
Liquifloc.  Addition of the chemical is claimed to average a 95-99 percent turbidity 
removal with no change to water pH.  After dosing with Liquifloc the colloidal 
particles are removed by sand filtration.  Sludge collected on the filter media is 
backwashed at time intervals dependant upon the sediment concentration.  Little data 
existed in the manual regarding the mixing and flocculation regime and it was 
apparent there was no settling in the plant.  The manual does however suggest the 
filters are placed at a minimum of 50 feet (approx. 15 metres) from the chemical 
injection point.  This will propagate a form of rapid mixing given flow conditions are 
turbulent.  Natural Site Solutions claim their plant will adequately treat stormwater up 
to 1000 NTU and pH from 6.5-8.5.  Stormwater outside these parameters will require 
pre-treatment.  Effective turbidity removal occurs when chitosan acetate is dosed 
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between 0.25-1.0 mg/L.  Natural Site Solutions’ operations and maintenance manual 
relates dosage to turbidity so 0.1mg/L is added for every 100 NTU increase within the 
influent stormwater (Natural Site Solutions, 2003).  A schematic of the Natural Site 
Solutions fast rate treatment plant is shown below in figure 2.13. 
 
 
Figure 2.13  A schematic of the Natural Site Solutions Chitosan-Enhanced Sand Filtration 
System (Natural Site Solutions, 2003). 
 
Like Natural Site Solutions, Clear Creek Systems have developed treatment systems 
to remove suspended solids from stormwater using the chitosan polymer.  Clear Creek 
Systems approach is similar in that its Chitosan-Enhanced Sand Filtration systems are 
targeted at treating construction site runoff and other highly polluted industrial 
stormwater.  Clear Creek Systems chemical of choice FlocClear Biopolymer is 
applied at rates up to at maximum of 1.0 mg/L.  A 1.0 mg/L dose is deemed sufficient 
to treat influent stormwater up to 600 NTU.  It must be noted that FlocClear is 
however a 2% chitosan acetate solution by weight, thus Clear Creek Systems suggest 
a maximum dose twice that of Natural Site Solutions.  Pre-treatment is recommended 
when turbidity exceeds 600 NTU.  FlocClear may be used in the pre-treatment 
process. 
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There is also a lower turbidity limit of 50 NTU for influent water suggested by Clear 
Creek Systems.  The Chitosan-Enhanced Sand Filtration system will sound an alarm 
when the water entering the plant is outside the range specified above. The fact this 
lower limit exists may pose problems to treating urban stormwater.  Thus 
investigating the performance of chitosan at low turbidity will be essential.  Clear 
Creek Systems suggest jar tests be conducted to determine the optimum coagulant 
dose at start up. Similarly, jar tests must also be used when influent turbidity readings 
vary by 20% or greater.  The performance of the plant is claimed to produce effluent 
with a residual turbidity of less than 10 NTU (Washington State Department of 
Ecology, 2008). 
 
 
Figure 2.14  Two Clear Creek Systems - Chitosan-Enhanced Sand Filtration Systems treating 
contaminated runoff at West Park in Roseville, California (www.clearcreeksystems.com, 2005) 
 
2.6. Modified Clay and Activated Carbon Treatment of Urban 
Runoff 
 
Clear Creek Systems also produce urban stormwater treatment plants that use 
modified clay and activated carbon filter media for the removal of oil based 
contaminants.  In the modified clay filters, bentonite clay is modified with quaternary 
amines, rendering it organophillic.  These ‘organoclays’ have been used effectively to 
remove mechanically emulsified oil, grease and other sparingly soluble large 
chlorinated hydrocarbons from urban stormwater in the United States.  The other type 
of filter media is a virgin granular activated carbon made from selected grades of 
bituminous coal.  This product is specifically designed for liquid phase applications 
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where high surface area is needed for maximum absorption.  Although not chitosan 
based processes, the above filtration methods are clear examples of stormwater 
harvesting schemes.  By treating the initial runoff from urban landscapes, a source of 
non-potable water is provided, whilst dramatically improving the health of creek 
systems.  The above technology will not be investigated as part of the project but the 
filter media is a great example of what could be incorporated to an urban stormwater 
recycling plant in Toowoomba (Clear Creek Systems, 2005). 
 
     
Figure 2.15  Clear Creek Systems – Urban runoff treatment plants utilising modified clay and 
activated carbon filter media (www.clearcreeksystems.com, 2005) 
 
 
2.7. Environmental and Health Factors 
 
The environmental and health impacts of introducing a new chemical, such as 
chitosan must be thoroughly understood prior to being accepted for use in Australia.  
Chitosan is used in America, which possesses similar environmental protection bodies 
to Australia.  Chitosan being organic and biodegradable, has the potential to solve 
issues related to the use and disposal of conventional inorganic coagulants.  In their 
research Divakaran and Pillai (2002) noted that the sludge obtained from such 
treatment poses disposal problems and tends to accumulate in the environment.  
Divakaran and Pillai (2002) also point to the work of Stauber et al. (1999) and Pontius 
(2000) who state that there is increasing concern about residual aluminium in drinking 
water, which may be present as a result of alum treatment.  Residusal aluminium has 
been expressed by the public in connection with Alzheimer’s disease.  To date these 
concerns have not been conclusively proven.  Toowoomba’s drinking water supply is 
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no longer treated with aluminium sulphate (alum), however Magnasol 589 is an 
aluminium based polymer.  Further research into these health effects would be 
invaluable in evaluating preferred coagulants.  Despite the lack of evidence regarding 
the health effects of residual aluminium, there is an obvious advantage in developing 
biodegradable coagulants such as chitosan where cost and performance are 
comparable. 
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CHAPTER 3 
 
RESEARCH AND TEST METHODOLOGY 
 
3.1. Stormwater Capture 
 
Stormwater samples were collected from a variety of sites within Toowoomba during 
and immediately following rainfall events.  Targeted sites included road gully inlets, 
road kerb and channels, stormwater drainage headwalls, detention ponds and creek 
systems.  A variety of sites was desirable so as to include a representative sample of 
water quality.  This allowed for conclusions to be drawn regarding the position and 
scale of a stormwater harvesting plant.  During the project stormwater samples were 
collected during four separate rainfall events.  Capture sites chosen for each 
catchment include: 
 
• West Creek – Concrete lined channel at Creedon Drive 
• East Creek – Unlined Creek at Ballin Drive 
• Gowrie Creek – Just upstream from Wetalla WWTP 
• Westbrook Creek – Unlined Creek at Smart Drive 
• Road Pavement Runoff – Road Gully Inlets at Smart Drive and Hoey Street 
 
Unfortunately time did not permit the sampling of the Black Gully and Dry Creek 
catchments.  At each of the above sites stormwater was collected in plastic 20 litre 
buckets.  Although not apparent at the commencement of stormwater sampling, it 
became clear that 60 litres from each site was the preferable amount.  Buckets were 
clearly marked, indicating the location and date that the stormwater sample was 
captured.  When laboratory facilities and or sufficient time where unavailable samples 
were stored in the USQ post-harvesting cold room.  This aimed to retain the water 
characteristics at the time of capture by housing the samples in a cool environment.  A 
risk assessment for the capture of the samples has been undertaken and is included 
later in this chapter. 
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Figure 3.1  Captured stormwater samples at the Wetalla Wastewater Treatment Plant laboratory 
 
3.2. Contingency Plan for Stormwater Capture 
 
As rainfall is inherently variable, a contingency plan was devised in the event of 
insufficient rainfall over the study period.  Capture of stormwater samples would 
revert to collection from stagnant creek systems and detention ponds.  The possibility 
of preparing synthetic samples from local clays was also considered.  Instead it was 
decided the stormwater ponded in creeks during dry weather was more representative 
of urban runoff.  The contingency plan was used on three separate occasions during 
the study period where test days had been organised and there was insufficient 
samples.  Testing of these dry weather samples was compared to samples taken from 
the same sites during rainfall to determine discrepancies water quality. 
 
3.3. Water Quality Testing 
 
All testing for the project was conducted at Toowoomba Regional Council’s Wetalla 
Wastewater Treatment Plant.  The laboratory was chosen primarily due to the range 
and availability of testing equipment. 
 
3.3.1. Turbidity Measurement 
 
The turbidity of both raw and treated samples was measured using a TPS Model WP-
88 turbidity-temperature meter sourced from the USQ.  The meter is designed 
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primarily for field work but proved adequate for laboratory work.  Prior to testing the 
meter was calibrated using the synthetic 90 and 900 NTU control samples. 
 
 
Figure 3.2  Turbidity was measured using a TPS Model WP-88 turbidity-temperature meter 
 
3.3.2. pH Measurement and Adjustment 
 
Prior to each jar test the pH was measured and adjusted where applicable.  pH was 
measured using a Cyberscan 2100 meter at the Wetalla laboratory.  The meter was 
calibrated when display on the meter requested it using the manufacturer’s 
instructions.  In tests to determine the optimum pH, hydrated lime and 0.01 Molar 
hydrochloric acid (HCl) was used to adjust the pH.  Hydrated lime was sourced 
directly from the silo at the Wetalla facility.  When adjusting pH, care was taken to 
ensure the reading on the meter had stabilised before adding more acid or lime. 
 
 
Figure 3.3  pH measurements using a Cyberscan 2100 pH meter 
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3.3.3. TSS (Total Suspended Solids) Test Procedure 
 
Total Suspended Solids (TSS) testing was conducted as per the Toowoomba Regional 
Council quality plan (Toowoomba Regional Council, 2008).  TSS testing was used 
primarily to validate the readings received from the turbidity meter.  Due to TSS 
testing taking an extended period to conduct, the test was conducted on selected, 
representative samples.  A major consideration when testing raw water was ensuring 
grass clippings and submerged agglomerates were excluded from the sample prior to 
testing. 
 
TSS testing was conducted using the following apparatus: 
 
• Filter holder 
• Vacuum pump 
• Filter flask, 1000mL 
• Drying oven 103ºC-105ºC 
• Analytical balance 
• Glass fibre disc (Watman GF/C 47-50mm) 
• Desiccator and desiccant 
• Graduated measuring cylinders 25mL, 50mL, 100mL, 500mL 
• Tweezers 
• Filter rack 
 
The TSS test procedure is as follows: 
 
1. Place the glass filter disc on top of the filter apparatus and clamp in place. 
2. Apply vacuum and check that the disc is not torn. 
3. Wash the disc three times using approximately 20mL of distilled water. 
4. Remove the disc from the filter apparatus and place in a drying oven at 103ºC-
105ºC for one (1) hour. 
5. After one hour remove from the oven and place in the desiccator to cool to 
room temperature. 
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6. Immediately before use, remove the filter disc from the desiccator and weigh.  
The weight of the unused filter disc is called W1 (in grams). 
7. Replace the filter disc on the filter apparatus and clamp in place. 
8. Apply vacuum and filter a measured volume of sample through the filter disc. 
9. Rinse 3 times with distilled water as previously described. 
10. Remove the filter disc from the filter apparatus and dry in the oven at 103ºC-
105ºC for two (2) hours. 
11. Remove from the oven after two hours and cool in a desiccator to room 
temperature and weigh.  The weight of the dry filter disc and residue is W2 
(grams). 
 
Calculations: 
 
Total Suspended Solids (TSS)  =  (W2(g)-W1(g)) x 1,000,000     (mg/L) 
            mL of sample 
 
     
(a)      (b) 
     
(c)      (d) 
Figure 3.4  TSS test procedure showing (a) TSS filter apparatus and samples, (b) Drying oven, (c) 
Desiccator and samples, (d) Analytical balance 
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3.4. The Jar Test 
 
To conduct performance trials of chitosan and Magnasol 589 the jar test was 
employed.  A major consideration in the use of the Wetalla laboratory was the 
availability of a jar tester.  At the time of testing the jar tester at Toowoomba’s Mt 
Kynoch water treatment laboratory was unavailable.  The USQ model was 
undesirable also as it was limited to a single test at any one time.  The Mt Kynoch 
tester was the preferred choice as it possessed square jars, whereas the Wetalla 
apparatus’ jars were circular.  Square jars are designed to simulate the ‘dead spots’ 
experienced in flocculation tanks.  This machine had the added advantage of draw-off 
taps from which to sample the supernatant treated water.  The use of circular jars 
indicates that flocculation will be more efficient as dead spots are effectively 
eliminated. 
 
3.4.1. Apparatus 
 
A Phipps and Bird Model PB – 700 was used for the testing.  The tester has the 
capacity to conduct six tests simultaneously.  Each test jar has a volume of 2000mL.  
Additional equipment in the laboratory was also utilised for the jar test.  This includes 
a graduated 1000mL beaker and magnetic mixer for preparing the coagulant solution 
and mixing acid and lime during pH correction.  A pipette was used for dosing the 
coagulant into the 1000mL beaker and from the beaker to the test samples.  An 
electronic timer was used to monitor mixing and settling durations. 
 
 
Figure 3.5  A Phipps & Bird Model PB – 700 Jar Tester with six 2000mL samples. 
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3.4.2. Jar Test Methodology 
 
Like the TSS tests, jar testing was conducted in accordance with the Toowoomba 
Regional Council’s quality plan requirements (Toowoomba Regional Council, 2000).  
The TRC quality plan for laboratory staff at the Mt Kynoch laboratory is conducted 
using the following steps: 
 
1. Collect represented samples of water to be dosed. 
2. Prepare a solution of the coagulant to be tested by adding 1mL to 1L of 
distilled water.  Mix well for 5 minutes. 
3. Clearly label the jars with dose rates being tested. 
4. Fill jars with 2L of sample and place in jar tester. 
5. Turn the stirrer on and dose jars with the amount marked on the jar. 
6. Determine time intervals where samples need to be collected. 
7. When the time has expired, collect sample and test immediately. 
8. Record results on jar test results form. 
 
Information that was recorded varied from the quality plan requirements as it was 
developed for municipal water treatment analysis.  pH and turbidity were recorded 
both before and after the test.  Iron, manganese, and aluminium concentration were 
excluded as was colour alkalinity and total hardness. The mixing regime for the tests 
had not been clearly specified in the TRC work instructions for laboratory staff.  In 
the absence of this vital information the relevant mixing times and corresponding 
mixing speed was sourced from a previous study.  The system of Huang and Chen 
(1996) was adopted, who incorporated a 2 minute rapid mixing phase at 100 rpm, 
followed by flocculation at 30 rpm for 20 minutes and a final settling time of 30 
minutes. 
 
3.5. Risk Assessment 
 
This research like almost all daily activities involves an element of risk.  Despite the 
fact that the chance of injury to oneself or others may be small, a risk assessment must 
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still be carried out.  The project will contain numerous risks, some which may be 
considered a small risk and others a large risk associated to a dangerous activity. 
 
3.5.1. Stormwater Collection Risks 
 
The first and major risk to be analysed is linked to the collection of stormwater 
samples.  The task could be considered as slight (possible but unlikely) in terms of its 
likelihood.  The consequence of the risk becoming reality will encompass all levels of 
possible consequences ranging from minor equipment damage through to death in the 
worst case scenario.  To control this risk several measures need to be employed 
including obeying relevant traffic laws, being alert to nearby vehicular movements 
and wearing a florescent safety vest.  A risk also associated to the collecting of 
stormwater is approaching rapidly flowing creek systems and drainage structures.  
The task could be seen as a significant risk as it is possible that harm could eventuate.  
Again it will be a rare risk (only several times yearly) and consequences will again 
range from minor equipment damage to death.  To mitigate this risk a sound footing 
be gained before attempting to capture samples.  Suitable footwear will also be 
essential, preferably a type with considerable grip. 
 
3.5.2. Laboratory Testing Risks 
 
The other foreseeable risks are attributed to the testing of the samples.  The chemicals 
that are used must be properly managed to ensure safety.  Chitosan as per the material 
safety data sheet (see appendix C) has very few risks, thus the chance of harm is 
minimal.  Even the worst case scenario of constant skin and eye contact will only 
produce minor irritations.  Nonetheless skin and eye contact will be avoided by using 
the appropriate laboratory equipment to handle the chitosan.  The original test plan 
incorporated the use of aluminium sulphate (alum).  There were significant dangers 
associated with continual direct exposure to alum.  Subsequent visits to the Mt 
Kynoch water treatment facility confirmed Magnasol 589 was the primary coagulant 
and hence it was selected for use in this project.  The use of this chemical avoided 
some safety precautions as the effects of Magnasol exposure are similar to those of 
chitosan.  Magansol 589 is an irritant to the skin and eyes and exposure should be 
34 
cotrolled.  This is confirmed in the material safety data sheet (see appendix C).  The 
risk of skin and eye contact to hydrochloric acid when adjusting pH was negated 
through the use of safety goggles.  Gloves were not worn as the acid was delivered via 
a dispenser atop the hydrochloric acid bottle, avoiding any direct skin contact.  The 
project risk assessment is summarised in Appendix B. 
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CHAPTER 4 
 
DATA AND RESULTS ANALYSIS 
 
The testing took place at the Wetalla Wastewater Treatment Plant over a four month 
period.  Testing was conducted on weekly basis to coincide with the availability of the 
laboratory.  This meant utilising the contingency plan when stores of stormwater 
collected during rainfall were exhausted.  The testing ran relatively smoothly and 
became more efficient as an understanding of the test procedures was gained.  An 
oversight related to the dosage of chitosan spoiled several early tests.  This problem 
saw chitosan dosed according the volume of FlocClear, not chitosan acetate.  After 
several poor tests and further research it became apparent FlocClear was a 2% 
chitosan acetate solution by weight.  The dosage was adjusted and results improved 
markedly. 
 
4.1. The Effect of pH Upon Turbidity Removal 
 
In an attempt to determine an optimum pH level for both coagulants, the pH was 
adjusted according to the aforementioned methodology (section 3.3.2).  Problems 
were experienced early in the study when adjusting the water to a whole pH unit.  The 
reading fluctuated seemingly uncontrollably with the addition of either acid or lime.  
This problem was avoided by allowing sufficient time for the reading on the meter to 
stabilise prior to adding more acid or lime.  Although taking considerable time, an 
accuracy of ± 0.05 pH units was achieved using this approach.  Interestingly, the 
addition of hydrated lime also increased the turbidity of the water.  This could be 
clearly seen by eye as the test sample became slightly cloudy and visible amounts of 
lime sediment accumulated at the base of the jar. 
 
4.1.1. pH and Magnasol 589 
 
Both coagulants were tested for optimum pH using wet weather West Creek 
stormwater samples captured from the concrete lined channel east of Creedon Drive.  
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Despite being captured some 20 days apart, the water exhibited a very similar 
appearance, pH and turbidity.  In the first test Magnasol 589 produced excellent 
results.  The results largely indicated a low sensitivity to the pH adjustment as all final 
turbidity readings were at or below 4 NTU.  The maximum turbidity removal was 
achieved at pH 7.25, with only 1.5 NTU remaining in the supernatant.  As mentioned 
above, the problems pertaining to pH adjustment limited the range that was tested.  
Nonetheless the range shown in the Figure 4.1 and the test 1 data sheet (Appendix A) 
covers all probable pH readings of Toowoomba stormwater.  TRC stormwater quality 
data seldom shows a pH reading outside the range of pH 6.5 - 9.0.  These results are 
encouraging from the viewpoint of urban stormwater treatment.  A coagulant that 
performs over a large range of pH levels will eliminate the need for pH correction.  
This in turn reduces costs by minimising the need for additional materials and testing. 
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Figure 4.1  The effect of pH upon performance of Magnasol 589.  Influent turbidity = 22.5 NTU. 
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Figure 4.2  The effect of pH upon performance of Magnasol 589 by percentage turbidity removed 
 
4.1.2. pH and Chitosan - FlocClear 
 
The effect of pH upon chitosan performance tests were not finalised until some time 
after the Mangasol testing due to the problems administering a correct dosage. For the 
purposes of the research it was decided to broaden the tests to a pH range of 5.0 – 
10.0.  The improved pH adjustment methodology was implemented and samples were 
accurately corrected to the desired pH level.  The test results again produced 
encouraging results, however not as effective as those from Magnasol 589.  The 
chitosan tests result in a higher residual turbidty of 3.9 NTU.  Maximum turbidty 
removal was achieved at pH 7.0.  Figure 4.3 clearly shows that FlocClear experiences 
a greater sensitivity to dose than Magnasol 589.  This sensitivity is seen below as 
virtually no reduction in turbidity is achieved below pH 6.0 and above pH 9.0.  The 
increase in turbidity beyond pH 9.0 can be attributed to the addition of hydrated lime 
in the pH adjustment process.  The implications of these results will be discussed 
further in the following chapter. 
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Effect of pH (Chitosan - FlocClear Biopolymer) - West Creek Stormwater
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Figure 4.3  The effect of pH upon performance of Chitosan - FlocClear.  Influent turbidity = 19.5 
NTU. 
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Figure 4.4  The effect of pH upon performance of Chitosan -FlocClear by percentage turbidity 
removed 
 
The above pH testing demonstrated that an influent water quality exhibiting a pH of 
between 6.5 and 7.5 would produce good results for both coagulants.  Throughout the 
duration of the study, testing revealed the raw stormwater pH was close to neutral.  
The minimum pH recorded was 6.73 and the maximum was 7.61.  This indicated that 
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the water wouldn’t require a pH adjustment to achieve acceptable flocculation.  
Following this finding, it was decided that most attention be diverted to the 
determination of an optimum dosage for each chemical. 
 
4.2. Optimum Chemical Dose 
 
The determination of an optimum dose was considered in conjunction with water type 
and quality.  The influent turbidity and the type of surface the captured sample 
originated from were important considerations.  The study will not investigate particle 
size distribution or the presence of other contaminants due to both time and resource 
constraints.  Visually, a significant difference could be detected between samples 
collected directly from a road and those collected from creek systems.  The road 
pavement runoff was typically grey to black in colour, whereas the creek water was 
characterised by being a red/brown, presumably due to clay suspensions.  The 
captured samples also contained varying levels of heavy sediments that settled a short 
time after capture.  It was decided these particles be excluded from testing as they 
would be effectively settled in a treatment plant by a short detention period prior to 
treatment.  This was achieved when testing by filling the jars using only the water 
near the top of the buckets and allowing any disturbed heavy particles to settle before 
filling the next jar. 
 
Selecting a suitable dosage range prior to testing became another consideration.  On 
several occasions the chosen range did not clearly show the optimum dosage.  This 
was evidenced through either minimal flocculation in any samples or a test that did 
not exhibit some re-stabilisation of the particles.  Re-stabilisation occurs when the 
turbidity removal efficiency diminishes as the dose increases beyond the optimum.  
Graphically, re-stabilisation is depicted through a ‘U’ shaped figure.  To ensure the 
optimum dosage was found, secondary tests where carried out using identical 
stormwater samples with a different range of dosages. 
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4.2.1. The Optimum Magnasol 589 Dosage 
 
The testing using Magnasol 589 found that dose rate was highly dependant upon 
influent turbidity.  Figure 4.6 clearly shows a relationship between dosage and 
residual turbidity from three tests.   
 
The 30 NTU West Creek sample captured in wet weather shows a constant rate of 
turbidity removal at dosages up to 3.5 mg/L.  As the dose increases above 3.5 mg/L 
the efficiency is diminished, however residual turbidity still falls to a minimum at 5.0 
mg/L.  The final turbidity at 5.0 mg/L is 2.5 NTU.  Supplementary tests were not 
conducted at higher doses as there were no identical samples remaining. 
 
The dry weather sample collected from East Creek at a lagoon on Ballin Drive 
exhibited an initial turbidity of 62.0 NTU.  At the time of capture the water was 
stagnant and exhibited high concentrations of red clay particles.  Reference to TRC 
stormwater quality data shows this turbidity to be slightly above average for the 
catchment.  The jar test produced excellent results in terms of the relative turbidity 
removal with over 90% removal at a dosage of 11.0 mg/L.  This sample produced 
very rapid flocculation with flocs appearing immediately after dosing.  The flocs were 
also large and fibrous.  A photograph of this jar test is shown below in Figure 4.5.  
The results follow a similar pattern to those from the West Creek test above. Residual 
turbidity drops rapidly before stabilising, forming an ‘L’ shaped graph as seen in 
figure 4.6.  This indicates a lack of sensitivity to dose as the optimum dosage is 
approached. This clearly proves Magnasol 589 will perform well when treating 
stormwater captured from creeks during dry weather.  Figure 4.5 shows a marked 
difference in water clarity due to variable dosage during jar tests conducted on East 
Creek stormwater. 
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Figure 4.5  Jar testing of East Creek stormwater.  Dosages range from 6.0mg/L (far left jar) to 
11.0mg/l (far right jar) 
 
The testing using Magnasol 589 found that dose rate was highly dependant upon the 
source water quality.  This is evidenced through the performance of Magnasol 589 on 
stormwater captured directly from a road pavement at a Hoey St road gully inlet 
during a storm.  The recorded data from the test (Appendix C – Test 7) proves 
flocculation is very slow and floc size is small when testing road pavement runoff.  
From a 14.5 NTU initial turbidity, a residual of 3.0 NTU was achieved at a dose of 
5.5mg/L of Magnasol 589 by weight.  Despite the apparent slow flocculation and 
settling, the result at optimum coagulant dose was encouraging.  A clear finding from 
the test was the narrow window in which effective flocculation would occur.  Unlike 
creek stormwater there was no gradual increase in efficiency with dose.  Between 
4.5mg/L and 5.0mg/L there is a sharp increase in performance.  Re-stabilisation of the 
particles is exhibited between 5.5 – 6.5 mg/L and is very rapid.   
 
The results of the Magansol 589 testing were encouraging.  It provided a clear 
representation of what could be achieved using a conventional polymer based 
coagulant to treat various types of stormwater.  The results of the variable dose 
Magnasol 589 testing are shown in Figure 4.6 as a measure of residual turbidity, in 
Figure 4.7 as percentage turbidity removed.  A summary of the variable dose 
Magansol 589 testing is also seen in table 4.1 below. 
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Figure 4.6  The effect of variable dosage upon the performance of Magnasol 589 
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Figure 4.7  Magnasol 589 performance by percentage turbidity removed 
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Table 4.1  Variable Dose Magnasol 589 Testing Summary 
 
Sample Location 
West Creek 
(Creedon Dr) 
East Creek 
(Ballin Dr) 
Road Gully 
Inlet (Hoey St) 
Weather Conditions Wet Dry Wet 
pH 7.16 7.41 6.73 
Optimum Dose 
(mg/L) 
5.0 5.5 5.5 
Initial Turbidity (NTU) 30.0 62.0 14.5 
Residual Turbidity at 
Optimum Dose (NTU) 
2.5 5.3 3.0 
Maximum % 
Turbidity Removed 
91.67 91.45 79.31 
 
4.2.2. The Optimum Chitosan Dosage 
 
The optimum dosage of chitosan varied depending on the type of stormwater tested.  
Due to time constraints and a lack of rainfall, three samples were collected in dry 
weather from creek ponds.  To cover a broader range of turbidity, two of these 
samples were created by mixing stormwater from separate sources.  Stormwater was 
sourced from Gowrie Creek just upstream of the Wetalla plant and mixed with East 
Creek water.  Varying the portions of each sample effectively controlled the turbidity.  
It must be noted the Gowrie Creek water was very clear (3.9 NTU).  It was however 
alkaline and thus a slight pH correction was undertaken.  Throughout the study period 
variable dosage testing was conducted on five separate samples including: 
 
1. West Creek stormwater 19.5 NTU, pH 7.61 (wet weather) 
2. Road pavement runoff 14.5 NTU, pH 6.73 (wet weather) 
3. East Creek Stormwater 260 NTU, pH 7.05 (dry weather) 
4. Mixture of East and Gowrie Creek stormwater 88.0 NTU, pH 7.61 (dry 
weather) 
5. Mixture of East and Gowrie Creek stormwater 60.0 NTU, pH 7.59 (dry 
weather) 
 
The typical test patterns were similar to those in the Magnasol 589 tests.  Figure 4.8 
and 4.9 show flocculation performance increasing gradually with dose to an optimum 
level.  This optimum level is broad and appears to continue at a constant rate of 
residual turbidity despite the dose still increasing.  An exception to this concept is 
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again seen when testing road pavement runoff where rapid re-stabilisation occurs.  
The road pavement runoff tested using chitosan was an identical sample to that tested 
above with Magnasol 589.  The optimum chitosan dosage for treating this road runoff 
was found to be 2.0mg/L, which left a residual turbidity of 5.5 NTU.  Despite being 
achieved at less than half the dosage, the residual turbidity is higher than that for 
Magnasol 589. 
 
The stormwater captured from the creeks (both wet and dry weather) showed that the 
optimum dosage is contained in a wide range.  This appears in figure 4.8 as a plateau 
on the graph.  The plateau is again preceded by an almost linear reduction of turbidity.  
The West Creek test is slightly different in that the reduction appears very gradual at 
first and is followed by a sudden decrease in residual turbidity.  Flocculation was very 
good at dosages between 2.5 and 4.0 mg/L, peaking at 3.5 mg/L leaving a residual 
turbidity of only 2.6 NTU. 
 
A sample from East Creek was captured in an attempt to trial chitosan on the same 
water quality that was used for the Magnasol test some months previously.  
Unfortunately the turbidity of the water captured from the same source had risen from 
62 NTU to 260 NTU.  Although an accurate head-to-head comparison could not be 
made, the water was tested and provided some interesting results.  With a minor 
increase in optimum dose to 5.0mg/L, chitosan effectively reduced the residual 
turbidity from 260 NTU to 8.9 NTU (96.15%). 
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Figure 4.8  The effect of variable dosage upon Chitosan - FlocClear performance 
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Figure 4.9  Chitosan - FlocClear performance by percentage turbidity removed 
 
The samples prepared by mixing East and Gowrie Creek stormwater produced 
different results.  Flocculation in the test was very slow initially.  Over the twenty 
minute flocculation period flocs eventually grew to a large size.  Although the 
residual turbidity remained relatively high, it was encouraging to note the wide range 
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at which a moderate percentage of the suspended matter was removed.  The 88.0 NTU 
sample reached an optimum level at a 3.5mg/L dosage, leaving 14.0 NTU in the 
supernatant.  The 60.0 NTU sample reduced the turbidity to 14.6 NTU at 4.0mg/L.  
The test results for each of the five samples can be clearly seen in the two graphs 
below and the data sheets in Appendix C.  A summary of the variable dose Chitosan –
FlocClear testing is seen in table 4.2 below. 
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Figure 4.10  The effect of variable dosage upon Chitosan - FlocClear performance 
(Mixed Samples) 
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Figure 4.11  Chitosan - FlocClear performance by percentage turbidity removed 
(Mixed Samples) 
 
 
Table 4.2  Variable Dose Chitosan - FlocClear Testing Summary 
 
Sample Location 
West 
Creek 
(Creedon 
Dr) 
East 
Creek 
(Ballin 
Dr) 
Road Gully 
Inlet (Hoey 
St) 
Gowrie/East 
Creek Mix 1 
Gowrie/East 
Creek Mix 2 
Weather 
Conditions 
Wet Dry Wet Dry Dry 
pH 7.61 7.05 6.73 7.59 7.61 
Optimum Dose 
(mg/L) 
3.5 5.0 2.0 4.0 3.5 
Initial Turbidity 
(NTU) 
19.5 260.0 14.5 60.0 88.0 
Residual Turbidity 
at Optimum Dose 
(NTU) 
2.6 8.9 5.5 14.6 14.0 
Maximum % 
Turbidity Removed 
86.67 96.15 62.07 74.83 83.86 
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4.3. Turbidity and TSS Relationship 
 
The project also aimed to validate the readings from the turbidity meter to results 
from total suspended solids tests.  The relationship will also be compared to data from 
the Toowoomba Regional Council that contained both a turbidity reading and a TSS 
from an identical water sample.  The tests were conducted upon stormwater captured 
from East Creek and treated using Magnasol 589 (refer to test 3 results – Appendix 
C).  Even visually it was clear to see a consistent progression of water clarity in the 
treated samples.  This confirms the near linear line exhibited above in figure 4.4 for 
East Creek stormwater.  By plotting both the turbidity and the TSS from this test a 
linear relationship is again produced.  These results are pleasing and they suggest that 
the more efficient turbidity measurement is an accurate measure of suspended solids. 
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Figure 4.12  The relationship between TSS and Turbidity from treated East Creek Stormwater 
 
The concept of turbidity as a measure of TSS was further investigated using 
stormwater quality data from the Toowoomba Regional Council.  The results gained 
by plotting TSS against turbidity were less consistent however.  Figure 4.6 shows a 
linear relationship is evident only at high turbidity readings.  Below 80 NTU there is 
an upward trend as indicated by the red line, but there is little consistency in the 
results.  An accurate relationship can not readily be drawn when the turbidity is below 
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80 NTU.  Although not included here the relationship from the other five stormwater 
catchments produces a similar graph.  Without an understanding of how the TRC 
water samples were captured and tested, the reasons behind these results remains 
unknown. 
 
The regression equation shows a very similar rate of change of TSS with respect to 
turbidity in both comparisons.  The inaccuracy of the TRC data is highlighted by the 
intercept on the TSS axis.  Theoretically at a zero TSS reading should also translate to 
zero turbidity.  For the purposes of the study the turbidity will be utilised to measure 
water quality. 
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Figure 4.13  The relationship between TSS and Turbidity from TRC water quality data 
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CHAPTER 5 
 
DISCUSSION AND IMPLICATIONS 
 
5.1. Chitosan Treatment of Creek Water 
 
In the laboratory testing conducted, chitosan proved effective in the treatment of 
urban stormwater.  The performance was seen to be impacted heavily by the type of 
raw stormwater.  The results gained from testing of creek water samples were more 
encouraging than those from road pavement runoff.  The relative turbidity removal 
percentage indicated a consistent performance regardless of the creek water’s initial 
turbidity.  Importantly, the data also showed only moderate differences to the 
efficiency either side of the optimum dosage.  This indifference to dose is a crucial 
consideration for a stormwater treatment plant as it markedly reduces the equipment 
and testing requirements.  These operational savings undoubtedly make stormwater 
harvesting from creek systems within Toowoomba a more attractive option. 
 
5.1.1. Expected Turbidity Levels in Toowoomba Creeks 
 
Reference to the TRC water quality data confirms that the historic turbidity levels 
have seldom risen above 80 NTU.  The data also shows that turbidity in all 
catchments is below 40 NTU for the majority of the year.  It shows West and Gowrie 
Creeks to have higher turbidity levels than the other catchments tested.  The results 
from this project are at odds with this and suggest that East Creek has the higher 
turbidity, followed by West and Gowrie Creeks.  This however is of little significance 
as the range of turbidity’s to be expected was the most important consideration.  The 
test results clearly show chitosan’s ability to treat water containing a greater 
concentration of suspended solids than is usually present in Toowoomba’s urban 
stormwater. 
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5.1.2. pH Adjustment to Treat Creek Water 
 
As the testing clearly showed, chitosan treatment is dependent upon pH.  
Inefficiencies were seen in the variable pH tests either side of the preferred pH level.  
Magnasol 589 showed similar performance at low pH, but was superior to chitosan as 
the stormwater became more alkaline.  This is evidenced by Magnasol 589 still 
removing in excess of 82% of turbidity at pH 9.0.  This trait suits Toowoomba 
stormwater as the TRC data (figure 5.1) clearly shows a tendency for stormwater in 
Toowoomba’s catchments to be alkaline.  East and West Creek were the catchments 
closest to pH neutral conditions, while Gowrie Creek exhibited an alkaline average of 
pH 8.3.  The samples captured for this study were not as alkaline with most at or 
around pH 7.0.  This may be due to the samples being captured during rainfall events 
and thus having less time in contact with alkaline landforms.  Regardless of the 
coagulant used, some form of pH adjustment in the form of an acid will be required to 
produce optimum performance from an urban stormwater treatment plant.  Figure 5.1 
shows the average pH in each of Toowoomba’s stormwater catchments. 
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Figure 5.1  The Average pH of Stormwater in Toowoomba’s Catchments (Toowoomba Regional 
Council) 
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5.1.3. Comparison to Magnasol 589  
 
The performance of chitosan is comparable to that of Magnasol 589.  Despite 
Magnasol 589 consistently outperforming chitosan in head to head testing, the margin 
was very small on each occasion.  The speed of flocculation and the size of the floc 
were also very similar.  Consultation with TRC laboratory staff added weight to this 
conclusion.  They revealed that in recent polymer trials to select a replacement 
coagulant for aluminium sulphate to treat Toowoomba’s drinking water supply, there 
was little difference amongst the polymer based chemicals.  The decision to use 
Magnasol 589 at the Mt Kynoch plant was heavily influenced by the chemicals ability 
to reduce the quantity of sludge being produced.  The study does not investigate this 
concept, but it will again be an important consideration in a stormwater treatment 
context. 
 
5.2. Chitosan Treatment of Road Pavement Runoff and Particle 
Re-stabilisation 
 
A very interesting result of the testing is the effect of re-stabilisation.  Although this 
phenomenon is seen in the test results from some creek samples, it is far more 
pronounced in road pavement runoff.  This effect is present in the test results of both 
FlocClear and Magnasol 589.  When treating urban runoff with both chemicals re-
stabilisation was so dramatic the turbidity removal percentage reduced to zero by 
adding only 1.5mg/L (Magnasol 589 or chitosan acetate) more than optimum dose.  A 
graphic representation is seen below in figure 5.1.  The small window for effective 
treatment is undesirable as it leaves little margin for error in the calibration of a 
stormwater treatment plant.  As the turbidity of the road pavement runoff is initially 
low, flocculation may be replaced by filtration.  Further tests using various forms of 
filter media will be required to gauge the feasibility of this method. 
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Road Pavement Runoff (14.5 NTU - pH 6.73) - Chitosan vs. Magnasol 589
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Figure 5.2  The effect of re-stabilisation of road pavement runoff 
 
5.3. Compliance with EPA Guidelines 
 
From the 15 successful jar tests recorded, only one jar from one test met the EPA 
target of 2 NTU.  By flocculation alone a reduction in turbidity of Toowoomba’s 
urban runoff below 10 NTU is very feasible.  To produce class-A water for non-
potable reuse, a form of filtration must be adopted.  The above literature review has 
suggested several methods of filtration that may be applicable.  These include 
modified clay, activated carbon and rapid sand filtration.  Either of these alternatives 
will produce effluent below the 2 NTU threshold.  Like turbidity, meeting the target 
for pH is also very achievable.  The target of 6.5 - 8.0 is the range in which effective 
flocculation occurred for both coagulants.  Tests on the supernatant from each jar test 
confirmed this requirement was met. 
 
5.4. Location and Scale of Urban Stormwater Harvesting 
 
The study has revealed several findings pertaining to the positioning and scale of 
potential stormwater harvesting plants.  The preference to a particular coagulant is 
seen as a minor factor when analysing possible locations for such a plant.  More 
critical considerations include hydrological analysis, other pollutant levels, available 
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space, storage and reticulation requirements.  TRC data shows similar but inherently 
variable, characteristics in each stormwater catchment.  FlocClear and Magnasol 589 
adequately removed suspended solids from all creek water tested.  Further analysis to 
determine the ability of each coagulant to remove contaminants not covered in this 
study may influence the positioning of a treatment facility. 
 
5.4.1. Stormwater Harvesting and Environmental Impacts 
 
Decisions must also be made from an environmental standpoint.  Harvesting the best 
quality water or that which is most readily treated may pose environmental impacts.  
This will be seen by concentrating poorer quality stormwater in the creek system after 
the better quality water is harvested.  The development of a fast-rate stormwater re-
use system study focuses upon improving the health of the creek systems, whilst 
providing a supplementary water supply.  Clearly a balance needs to be sought 
between these two factors.  This may mean positioning treatment plants in locations 
that cause cost both economic and operational inefficiencies in a stormwater recycling 
plant for the purpose of meeting environmental objectives. 
 
5.4.2. The Effect of Scale upon Stormwater Harvesting Feasibility 
 
An issue more closely linked to this project is the potential scales of a stormwater 
harvesting operation as defined by the Department of Local Government, Planning, 
Sport and Recreation.  During the project samples were drawn from sites 
corresponding to each of the suggested scales of operation.  From each type of site, 
key conclusions can be drawn regarding the water quality and treatability.  Small 
scale operation proved an unattractive option for chitosan treatment.  The narrow 
range available in which to deliver the optimum dosage will make treatment very 
difficult as influent water quality varies.  Low turbidity from sealed surfaces such as 
roads lends itself to filtration treatment alone.  Large scale operation by treating high 
turbidity stormwater from creeks presents the most viable option for chitosan 
treatment.  Very effective flocculation was seen in creek water tests with various 
levels of turbidity up to 260 NTU. 
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CHAPTER 6 
 
CONCLUSIONS 
 
6.1. Future Research 
 
This dissertation forms only a small part of the broader study to investigate the 
feasibility of stormwater harvesting in Toowoomba.  Further study remains in the 
areas of chitosan treatment, stormwater treatment by other coagulants and alternate 
treatment methods. 
 
6.1.1. Further Chitosan Research 
 
The study provides much information regarding the use of FlocClear Biopolymer by 
Rocklin Products.  It does not investigate the use of other known chitosan based 
products including StormKlear, nor does it trial the use of pure chitosan acetate.  
Research and testing of these chemicals will provide more conclusions on the viability 
of chitosan based stormwater treatment.  Time and financial constraints also meant the 
presence of other contaminants was not tested.  The ability of chitosan to remove 
metals and other contaminants must be tested and analysed for compliance with the 
Queensland Water Recycling Guidelines.  The work of Benavente (2008) suggests 
metallic ions are absorbed by chitosan during the coagulation process. 
 
6.1.2. Conventional Coagulants to Treat Stormwater 
 
Work also remains to research and test stormwater with other conventional 
coagulants.  Magnasol 589 is one of a multitude of polymer based coagulants 
currently available.  Metal salts are another type of coagulant that must be considered.  
Further trials must be undertaken to determine which of the above coagulants is the 
most suitable for treating urban runoff. 
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6.1.3. Other Treatment Methods 
 
This study has outlined several alternate methods of treatment.  The contaminant 
removal capability of each was not investigated.  Many of these methods are currently 
utilised in the tertiary treatment of wastewater.  Examples of these systems include air 
flotation, micro-filtration, ultra-filtration, reverse osmosis, UV disinfection and 
chlorine disinfection.  These treatment methods have the potential to be used in 
conjunction with the chitosan treatment of urban stormwater. 
 
6.2. Chitosan as Coagulant to Treat Urban Stormwater 
 
Freight and storage requirements are a noticeable drawback pertaining to the use of 
FlocClear.  As FlocClear is 2% chitosan acetate solution by weight, 50 times the 
amount of the sloution is required to obtain the same amount of the active ingredient 
(chitosan acetate) as is currently available using Magnasol 589.  This is offset slightly 
by the optimum dosage of chitosan acetate being approximately half that of Mganasol 
589.  The additional shipping will include sourcing chitosan from known suppliers 
outside Australia.  Until a local supplier or chitosan acetate becomes commercially 
available, widespread chitosan use may be unfeasible. 
 
From an operational standpoint, chitosan has the potential to be dosed in the same 
manner as all liquid coagulants.  It is anticipated the current style of doing pumps and 
equipment would be capable of dosing chitosan in a stormwater treatment plant.  This 
characteristic makes it very simple to alternate between liquid-based coagulants. 
 
As can be seen clearly throughout the study, chitosan has the ability to remove 
suspended solids from urban stormwater.  By producing very similar results to those 
from Magnasol 589, it is proved to be a competitive product in terms of performance.  
Unfortunately, additional information relating to the cost and availability of FlocClear 
were not forthcoming from the supplier.  These considerations combined with sludge 
production, safety and environmental considerations will inevitably determine the 
viability of using chitosan to treat urban runoff. 
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University of Southern Queensland 
 
FACULTY OF ENGINEERING AND SURVEYING 
 
Eng 4111/4112 Research Project 
PROJECT SPECIFICATION 
 
FOR:    MICHAEL SHELLSHEAR 
 
TOPIC:  URBAN STORMWATER TREATMENT USING 
CHITOSAN 
 
SUPERVISOR: Dr Ian Brodie 
 
 
ENROLMENT:  ENG 4111 – S1, 2008       
 ENG 4112 – S2, 2008 
 
PROJECT AIM:  To determine the water properties of urban stormwater runoff 
and trial the substance chitosan as a coagulant to treat the water 
to a non-potable standard suitable for irrigation and industrial 
purposes within Toowoomba. 
 
SPONSORSHIP:   Toowoomba City Council / Toowoomba Regional Council 
 
PROGRAMME:  (Issue A, 13 March 2008) 
 
1. Research background information regarding the present use of chitosan in the 
United States to treat stormwater. 
2. Select various sites within Toowoomba city from which stormwater samples 
will be collected.  The selection of sites will depend greatly upon the land use 
activities in the area.  A variety of catchments will be selected on this basis. 
3. Research water quality standards for irrigation in urban areas (eg. parks and 
sporting fields). 
4. Conduct laboratory testing of the stormwater samples to determine both the 
most effective dosage of chitosan to be used and the performance of chitosan 
compared to conventional water treatment processes.  
5. Evaluate the above research testing and results of the water treatment. 
6. Submit an academic dissertation on the research. 
 
As time permits: 
7. Analyse the effects of extended detention time on stormwater quality. 
 
AGREED:  _________________ (student)   ___/___/___ 
   _________________ (supervisor)   ___/___/___ 
 
Examiner/Co-examiner: _________________________________ 
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Appendix B – Project Risk Assessment 
 
 
Table B-1  Risk assessment matrix for collecting stormwater from roads 
 
 Likelihood Consequence Risk Priority 
Risk; 
 
Capturing stormwater samples 
from road pavements 
 
 
Slight 
Possible 
Death 
High 
(Unacceptable) 
New Risk Scores Controls; 
 
6. Florescent safety vest to 
be worn when collecting 
samples. 
7. Be alert to nearby 
vehicular movements 
 
Very Slight 
Possible 
Death 
Low 
(Acceptable) 
 
 
 
Table B-2  Risk assessment matrix for collecting stormwater from creeks 
 
 Likelihood Consequence Risk Priority 
Risk; 
 
Capturing stormwater samples 
from swollen creek systems 
 
 
Significant Major Injury 
High 
(Unacceptable) 
New Risk Scores Controls; 
 
1. Florescent safety vest to 
be worn when collecting 
samples. 
2. Sound footing to be 
gained prior to collecting 
sample. 
3. Footwear with grip to be 
worn. 
 
Slight Major Injury 
Low 
(Acceptable) 
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Table B-3  Risk assessment matrix for using chemicals during laboratory tests 
 
 Likelihood Consequence Risk Priority 
Risk; 
 
Exposure to chemicals including 
Magnasol 589, Chitosan and 
Hydrochloric acid during 
laboratory testing 
 
 
Occasional 
Minor Injury / 
Illness 
High 
(Unacceptable) 
New Risk Scores Controls; 
 
1. Pipette to be used when 
measuring quantities of 
Magnasol and Chitosan. 
2. Hydrochloric acid 
dispenser to be near 
sample when dispensing 
to avoid splashing 
3. Safety goggles to be worn 
 
Very Slight 
Minor Injury / 
Illness 
Low 
(Acceptable) 
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Appendix C – Jar Test Result Sheets 
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Table C-1  Test 1 Results 
 
JAR TEST :  Constant Dosage; Variable pH DATE :  31/07/08 
DESCRIPTION :  West Ck Stormwater (Stenner St) TIME : 10:00am 
CHEMICALS & 
RAW WATER 
QUALITY 
UNITS A B C D E F 
Magnasol 589 mg/L 3.5 3.5 3.5 3.5 3.5 3.5 
pH UNITS 6.46 6.92 7.25 7.95 8.53 9.04 
Turbidity NTU 22.5 22.5 22.5 22.5 22.5 22.5 
MIXING               
RAPID TIME min 2 2 2 2 2 2 
RAPID SPEED rpm 100 100 100 100 100 100 
FLOCCULATION TIME min 20 20 20 20 20 20 
FLOCCULATION 
SPEED rpm 30 30 30 30 30 30 
SETTLING               
SETTLING TIME min 30 30 30 30 30 30 
FLOC TIME TO FORM min 10 8 5 6 8 10 
FLOC SIZE A-E C C A A B C 
TIME TO FORM PIN 
FLOC min N/A N/A N/A N/A N/A N/A 
SUPERNATANT               
TURBIDITY NTU 3.0 2.0 1.5 3.0 3.0 4.0 
TSS (If Conducted) mg/L N/A N/A N/A N/A N/A N/A 
NOTES: 
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Table C-2  Test 2 Results 
 
JAR TEST :  Constant pH; Variable Dosage DATE :  31/07/08 
DESCRIPTION :  West Ck Stormwater (Stenner St) TIME : 2:00pm 
CHEMICALS & 
RAW WATER 
QUALITY 
UNITS A B C D E F 
Magnasol 589 mg/L 1.0 2.0 3.0 3.5 4.0 5.0 
pH UNITS 7.16 7.16 7.16 7.16 7.16 7.16 
Turbidity NTU 30.0 30.0 30.0 30.0 30.0 30.0 
MIXING               
RAPID TIME min 2 2 2 2 2 2 
RAPID SPEED rpm 100 100 100 100 100 100 
FLOCCULATION TIME min 20 20 20 20 20 20 
FLOCCULATION 
SPEED rpm 30 30 30 30 30 30 
SETTLING               
SETTLING TIME min 30 30 30 30 30 30 
FLOC TIME TO FORM min N/A N/A N/A N/A N/A N/A 
FLOC SIZE A-E N/A N/A N/A N/A N/A N/A 
TIME TO FORM PIN 
FLOC min N/A N/A N/A N/A N/A N/A 
SUPERNATANT               
TURBIDITY NTU 17.0 12.5 8.0 4.0 3.5 2.5 
TSS (If Conducted) mg/L N/A N/A N/A N/A N/A N/A 
NOTES: 
  
  
  
At the time of testing there was insufficient water from the above site 
to conduct further testing at dose rates greater than 5.0 mg/L.  
Results are encouraging nonetheless. 
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Table C-3  Test 3 Results 
 
JAR TEST :  Constant pH; Variable Dosage DATE :  13/08/08 
DESCRIPTION :  East Ck Stormwater (Ballin Dr) - Not Flowing TIME : 9:00apm 
CHEMICALS & 
RAW WATER 
QUALITY 
UNITS A B C D E F 
Magnasol 589 mg/L 2.0 3.0 4.0 5.0 6.0 7.0 
pH UNITS 7.41 7.41 7.41 7.41 7.41 7.41 
Turbidity NTU 62.0 62.0 62.0 62.0 62.0 62.0 
MIXING               
RAPID TIME min 2 2 2 2 2 2 
RAPID SPEED rpm 100 100 100 100 100 100 
FLOCCULATION TIME min 20 20 20 20 20 20 
FLOCCULATION 
SPEED rpm 30 30 30 30 30 30 
SETTLING               
SETTLING TIME min 30 30 30 30 30 30 
FLOC TIME TO FORM min N/A N/A N/A N/A N/A N/A 
FLOC SIZE A-E N/A N/A N/A N/A N/A N/A 
TIME TO FORM PIN 
FLOC min N/A N/A N/A N/A N/A N/A 
SUPERNATANT               
TURBIDITY NTU 53.4 52.8 52.4 42.5 30.2 7.2 
TSS (If Conducted) mg/L N/A N/A N/A N/A N/A N/A 
NOTES: 
  
  
  
The sample was more turbid than in previous test and contained 
suspended matter that appeared to be red clay.  The performance of 
the chemical appeared to still be increasing at the highest dosage 
used.  Further Tests conducted on the same water.  See test 3A. 
 
69 
 
Table C-4  Test 3A Results 
 
JAR TEST :  Constant pH; Variable Dosage DATE :  13/08/08 
DESCRIPTION :  East Ck Stormwater (Ballin Dr) - Not Flowing TIME : 11:30am 
CHEMICALS & 
RAW WATER 
QUALITY 
UNITS A B C D E F 
Magnasol 589 mg/L 6.0 7.0 8.0 9.0 10.0 11.0 
pH UNITS 7.41 7.41 7.41 7.41 7.41 7.41 
Turbidity NTU 62.0 62.0 62.0 62.0 62.0 62.0 
MIXING               
RAPID TIME min 2 2 2 2 2 2 
RAPID SPEED rpm 100 100 100 100 100 100 
FLOCCULATION TIME min 20 20 20 20 20 20 
FLOCCULATION 
SPEED rpm 30 30 30 30 30 30 
SETTLING               
SETTLING TIME min 30 30 30 30 30 30 
FLOC TIME TO FORM min N/A N/A N/A N/A N/A N/A 
FLOC SIZE A-E N/A N/A N/A N/A N/A N/A 
TIME TO FORM PIN 
FLOC min N/A N/A N/A N/A N/A N/A 
SUPERNATANT               
TURBIDITY NTU 38.9 20.9 11.5 9.1 6.4 5.3 
TSS (If Conducted) mg/L 10 7 5.5 6 4.33 4.66 
NOTES: 
  
  
  
Again the performance of the chemical appeared to still be increasing 
at the highest dosage used.  Final turbidity's seem out.  Can't see any 
problem with test methods.  TSS testing conducted to validate 
turbidity readings. 
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Table C-5  Test 4 Results 
 
JAR TEST :  Constant pH; Variable Dosage DATE :  20/08/08 
DESCRIPTION :  West Ck Stormwater (Creedon Dr) - Not Flowing TIME : 9:00am 
CHEMICALS & 
RAW WATER 
QUALITY 
UNITS A B C D E F 
Chitosan - 
FlocClear mg/L 0.5 1.0 1.5 2.0 2.5 3.0 
pH UNITS 7.61 7.61 7.61 7.61 7.61 7.61 
Turbidity NTU 19.5 19.5 19.5 19.5 19.5 19.5 
MIXING               
RAPID TIME min 2 2 2 2 2 2 
RAPID SPEED rpm 100 100 100 100 100 100 
FLOCCULATION TIME min 20 20 20 20 20 20 
FLOCCULATION 
SPEED rpm 30 30 30 30 30 30 
SETTLING               
SETTLING TIME min 30 30 30 30 30 30 
FLOC TIME TO FORM min N/A N/A N/A 15 10 5 
FLOC SIZE A-E E E E C B A 
TIME TO FORM PIN 
FLOC min N/A N/A N/A N/A N/A N/A 
SUPERNATANT               
TURBIDITY NTU 19.5 19.5 19.1 16.5 3.5 3.0 
TSS (If Conducted) mg/L N/A N/A N/A N/A N/A N/A 
NOTES: 
  
  
  
Adjustments were made to the testing method with flocclear found to 
be a 2% chitosan acetate, which explained very poor results in 
previous chitosan testing.  These results have not been tabled as 
there was vitually no flocculation.  New doseage reflects chitosan 
aceate concentration 
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Table C-6  Test 4A Results 
 
JAR TEST :  Constant pH; Variable Dosage DATE :  20/08/08 
DESCRIPTION :  West Ck Stormwater (Creedon Dr) - Not Flowing TIME : 10:35am 
CHEMICALS & 
RAW WATER 
QUALITY 
UNITS A B C D E F 
Chitosan - 
FlocClear mg/L 3.5 4.0 4.5 5.0 5.5 6.0 
pH UNITS 7.61 7.61 7.61 7.61 7.61 7.61 
Turbidity NTU 19.5 19.5 19.5 19.5 19.5 19.5 
MIXING               
RAPID TIME min 2 2 2 2 2 2 
RAPID SPEED rpm 100 100 100 100 100 100 
FLOCCULATION TIME min 20 20 20 20 20 20 
FLOCCULATION 
SPEED rpm 30 30 30 30 30 30 
SETTLING               
SETTLING TIME min 30 30 30 30 30 30 
FLOC TIME TO FORM min 2 3 4 8 10 15 
FLOC SIZE A-E A B B B C C 
TIME TO FORM PIN 
FLOC min N/A N/A N/A N/A N/A N/A 
SUPERNATANT               
TURBIDITY NTU 2.6 3.5 6.1 6.8 8.7 9.5 
TSS (If Conducted) mg/L N/A N/A N/A N/A N/A N/A 
NOTES: 
  
  
  
These test results are very encouraging.  It was noted that the a 
dosage of 3.5mg/L chitosan produced very similar results to 
magnasol testing at 3.5mg/L on water from the same source. 
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Table C-7  Test 5 Results 
 
JAR TEST :  Constant Dosage; Variable pH DATE :  20/08/08 
DESCRIPTION :  West Ck Stormwater (Creedon Dr) - Not Flowing TIME : 1.00pm 
CHEMICALS & 
RAW WATER 
QUALITY 
UNITS A B C D E F 
Chitosan - 
FlocClear mg/L 3.5 3.5 3.5 3.5 3.5 3.5 
pH - (Raw-7.61) UNITS 5.0 6.0 7.0 8.0 9.0 10.0 
Turbidity NTU 19.5 19.5 19.5 19.5 19.5 19.5 
MIXING               
RAPID TIME min 2 2 2 2 2 2 
RAPID SPEED rpm 100 100 100 100 100 100 
FLOCCULATION TIME min 20 20 20 20 20 20 
FLOCCULATION 
SPEED rpm 30 30 30 30 30 30 
SETTLING               
SETTLING TIME min 30 30 30 30 30 30 
FLOC TIME TO FORM min N/A N/A 7 5 N/A N/A 
FLOC SIZE A-E E E B A E E 
TIME TO FORM PIN 
FLOC min N/A N/A N/A N/A N/A N/A 
SUPERNATANT               
TURBIDITY NTU 20.0 19.5 3.9 6.0 21.5 30.0 
TSS (If Conducted) mg/L N/A N/A N/A N/A N/A N/A 
NOTES: 
  
  
  
These test results are also very encouraging.  Chitosan was most 
effective when pH was 7.0 (neuteral).  Most of the samples collected 
were around this mark.  For further testing I will neglect pH 
adjustment providing the raw water pH is close to 7.  It is noted that 
adding lime to increase pH actually increased the turbidity of 2 
samples. 
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Table C-8  Test 6 Results 
 
JAR TEST :  Constant pH; Variable Dosage DATE :  10/09/08 
DESCRIPTION :  Road Runoff (Hoey St Road Gully) TIME : 10.00am 
CHEMICALS & 
RAW WATER 
QUALITY 
UNITS A B C D E F 
Chitosan - 
FlocClear mg/L 2.5 3.0 3.5 4.0 4.5 5.0 
pH UNITS 6.73 6.73 6.73 6.73 6.73 6.73 
Turbidity NTU 14.5 14.5 14.5 14.5 14.5 14.5 
MIXING               
RAPID TIME min 2 2 2 2 2 2 
RAPID SPEED rpm 100 100 100 100 100 100 
FLOCCULATION TIME min 20 20 20 20 20 20 
FLOCCULATION 
SPEED rpm 30 30 30 30 30 30 
SETTLING               
SETTLING TIME min 30 30 30 30 30 30 
FLOC TIME TO FORM min 12 15 N/A N/A N/A N/A 
FLOC SIZE A-E C C N/A N/A N/A N/A 
TIME TO FORM PIN 
FLOC min N/A N/A N/A N/A N/A N/A 
SUPERNATANT               
TURBIDITY NTU 6.0 10.5 14.5 14.5 14.5 14.5 
TSS (If Conducted) mg/L 5.5 6.5 10.5 9 10 9 
NOTES: 
  
  
  
Flocculation was very slow and floc size was small. Another test will 
be conducted as it appears the minimum turbidity is outside this 
range. 
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Table C-9  Test 6A Results 
 
JAR TEST :  Constant pH; Variable Dosage DATE :  10/09/08 
DESCRIPTION :  Road Runoff (Hoey St Road Gully) TIME : 11.00am 
CHEMICALS & 
RAW WATER 
QUALITY 
UNITS A B C D E F 
Chitosan - 
FlocClear mg/L 0.5 1.0 1.5 2.0 2.5 3.0 
pH UNITS 6.73 6.73 6.73 6.73 6.73 6.73 
Turbidity NTU 14.5 14.5 14.5 14.5 14.5 14.5 
MIXING               
RAPID TIME min 2 2 2 2 2 2 
RAPID SPEED rpm 100 100 100 100 100 100 
FLOCCULATION TIME min 20 20 20 20 20 20 
FLOCCULATION 
SPEED rpm 30 30 30 30 30 30 
SETTLING               
SETTLING TIME min 30 30 30 30 30 30 
FLOC TIME TO FORM min N/A N/A N/A N/A N/A N/A 
FLOC SIZE A-E N/A N/A D C D E 
TIME TO FORM PIN 
FLOC min N/A N/A N/A N/A N/A N/A 
SUPERNATANT               
TURBIDITY NTU 14.5 14.5 11.0 5.5 8.5 14.5 
TSS (If Conducted) mg/L N/A N/A N/A N/A N/A N/A 
NOTES: 
  
  
  
Again flocculation was very slow and floc size was small.  
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Table C-10  Test 7 Results 
 
JAR TEST :  Constant pH; Variable Dosage DATE :  10/09/08 
DESCRIPTION :  Road Runoff (Hoey St Road Gully) TIME : 12.00pm 
CHEMICALS & 
RAW WATER 
QUALITY 
UNITS A B C D E F 
Magnasol 589 mg/L 2.5 3.0 3.5 4.0 4.5 5.0 
pH UNITS 6.73 6.73 6.73 6.73 6.73 6.73 
Turbidity NTU 14.5 14.5 14.5 14.5 14.5 14.5 
MIXING               
RAPID TIME min 2 2 2 2 2 2 
RAPID SPEED rpm 100 100 100 100 100 100 
FLOCCULATION TIME min 20 20 20 20 20 20 
FLOCCULATION 
SPEED rpm 30 30 30 30 30 30 
SETTLING               
SETTLING TIME min 30 30 30 30 30 30 
FLOC TIME TO FORM min N/A N/A N/A N/A 16 12 
FLOC SIZE A-E N/A N/A N/A N/A D C 
TIME TO FORM PIN 
FLOC min N/A N/A N/A N/A N/A N/A 
SUPERNATANT               
TURBIDITY NTU 14.5 14.5 14.5 12.9 8.0 2.1 
TSS (If Conducted) mg/L N/A N/A N/A N/A N/A N/A 
NOTES: 
  
  
  
Not experiencing large flocs as in creek water.  Looked very similar to 
chitosan testing in terms of time to form floc and floc size.  Slightly 
more effective. Another test will be required with higher Magnasol 
concentrations. 
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Table C-11  Test 7A Results 
 
JAR TEST :  Constant pH; Variable Dosage DATE :  10/09/08 
DESCRIPTION :  Road Runoff (Hoey St Road Gully) TIME : 1.00pm 
CHEMICALS & 
RAW WATER 
QUALITY 
UNITS A B C D E F 
Magnasol 589 mg/L 4.5 5.0 5.5 6.0 6.5 7.0 
pH UNITS 6.73 6.73 6.73 6.73 6.73 6.73 
Turbidity NTU 14.5 14.5 14.5 14.5 14.5 14.5 
MIXING               
RAPID TIME min 2 2 2 2 2 2 
RAPID SPEED rpm 100 100 100 100 100 100 
FLOCCULATION TIME min 20 20 20 20 20 20 
FLOCCULATION 
SPEED rpm 30 30 30 30 30 30 
SETTLING               
SETTLING TIME min 30 30 30 30 30 30 
FLOC TIME TO FORM min 9 10 10 12 15 N/A 
FLOC SIZE A-E D C C C D E 
TIME TO FORM PIN 
FLOC min N/A N/A N/A N/A N/A N/A 
SUPERNATANT               
TURBIDITY NTU 13.6 5.0 3.0 5.5 11.1 14.5 
TSS (If Conducted) mg/L N/A N/A N/A N/A N/A N/A 
NOTES: 
  
  
  
Results OK 
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Table C-12  Test 8 Results 
 
JAR TEST :  Constant pH; Variable Dosage DATE :  08/10/08 
DESCRIPTION :  East Creek Stormwater (Ballin Dr) TIME : 8.30am 
CHEMICALS & 
RAW WATER 
QUALITY 
UNITS A B C D E F 
Chitosan - 
FlocClear mg/L 0.5 1.0 1.5 2.0 2.5 3.0 
pH UNITS 7.05 7.05 7.05 7.05 7.05 7.05 
Turbidity NTU 260.0 260.0 260.0 260.0 260.0 260.0 
MIXING               
RAPID TIME min 2 2 2 2 2 2 
RAPID SPEED rpm 100 100 100 100 100 100 
FLOCCULATION TIME min 20 20 20 20 20 20 
FLOCCULATION 
SPEED rpm 30 30 30 30 30 30 
SETTLING               
SETTLING TIME min 30 30 30 30 30 30 
FLOC TIME TO FORM min N/A 15 5 4 3 2 
FLOC SIZE A-E E D B B A A 
TIME TO FORM PIN 
FLOC min N/A N/A N/A N/A N/A N/A 
SUPERNATANT               
TURBIDITY NTU 224.0 208.0 164.0 123.0 85.0 58.0 
TSS (If Conducted) mg/L N/A N/A N/A N/A N/A N/A 
NOTES: 
  
  
  
Happy with results  
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Table C-13  Test 8A Results 
 
JAR TEST :  Constant pH; Variable Dosage DATE :  08/10/08 
DESCRIPTION :  East Creek Stormwater (Ballin Dr) TIME : 9.30am 
CHEMICALS & 
RAW WATER 
QUALITY 
UNITS A B C D E F 
Chitosan - 
FlocClear mg/L 3.5 4.0 4.5 5.0 5.5 6.0 
pH UNITS 7.05 7.05 7.05 7.05 7.05 7.05 
Turbidity NTU 260.0 260.0 260.0 260.0 260.0 260.0 
MIXING               
RAPID TIME min 2 2 2 2 2 2 
RAPID SPEED rpm 100 100 100 100 100 100 
FLOCCULATION TIME min 20 20 20 20 20 20 
FLOCCULATION 
SPEED rpm 30 30 30 30 30 30 
SETTLING               
SETTLING TIME min 30 30 30 30 30 30 
FLOC TIME TO FORM min <1min <1min <1min <1min <1min <1min 
FLOC SIZE A-E A A A A A A 
TIME TO FORM PIN 
FLOC min N/A N/A N/A N/A N/A N/A 
SUPERNATANT               
TURBIDITY NTU 31.0 18.0 11.6 8.9 11.0 10.0 
TSS (If Conducted) mg/L N/A N/A N/A N/A N/A N/A 
NOTES: 
  
  
  
Happy with results  
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Table C-14 Test 9 Results 
 
JAR TEST :  Constant pH; Variable Dosage DATE :  08/10/08 
DESCRIPTION :  Mixture of East Ck and Gowrie Ck Stormwater TIME : 10.30am 
CHEMICALS & 
RAW WATER 
QUALITY 
UNITS A B C D E F 
Chitosan - 
FlocClear mg/L 2.0 2.5 3.0 3.5 4.0 4.5 
pH UNITS 7.61 7.61 7.61 7.61 7.61 7.61 
Turbidity NTU 88.0 88.0 88.0 88.0 88.0 88.0 
MIXING               
RAPID TIME min 2 2 2 2 2 2 
RAPID SPEED rpm 100 100 100 100 100 100 
FLOCCULATION TIME min 20 20 20 20 20 20 
FLOCCULATION 
SPEED rpm 30 30 30 30 30 30 
SETTLING               
SETTLING TIME min 30 30 30 30 30 30 
FLOC TIME TO FORM min 8 7 5 6 7 7 
FLOC SIZE A-E C B B A A A 
TIME TO FORM PIN 
FLOC min N/A N/A N/A N/A N/A N/A 
SUPERNATANT               
TURBIDITY NTU 25.6 19.7 16.3 14.0 15.2 14.2 
TSS (If Conducted) mg/L N/A N/A N/A N/A N/A N/A 
NOTES: 
  
  
  
Gowrie Ck water was mixed with East Creek Stormwater to produce 
a different mixture and turbidity. (East Ck 260 NTU, pH 7.05) - 
(Gowrie Ck 3.9 NTU pH 8.56). pH correction was required to bring 
into optimum range.  Flocculation was not a rapid as in previous 
tests.  Floc size was small at first but grew at a consistant rate during 
flocculation. 
 
80 
 
Table C-15  Test 10 Results 
 
JAR TEST :  Constant pH; Variable Dosage DATE :  08/10/08 
DESCRIPTION :  Mixture of East Ck and Gowrie Ck Stormwater TIME : 11.45am 
CHEMICALS & 
RAW WATER 
QUALITY 
UNITS A B C D E F 
Chitosan - 
FlocClear mg/L 2.0 2.5 3.0 3.5 4.0 4.5 
pH UNITS 7.59 7.59 7.59 7.59 7.59 7.59 
Turbidity NTU 60.0 60.0 60.0 60.0 60.0 60.0 
MIXING               
RAPID TIME min 2 2 2 2 2 2 
RAPID SPEED rpm 100 100 100 100 100 100 
FLOCCULATION TIME min 20 20 20 20 20 20 
FLOCCULATION 
SPEED rpm 30 30 30 30 30 30 
SETTLING               
SETTLING TIME min 30 30 30 30 30 30 
FLOC TIME TO FORM min 8 7 5 6 7 7 
FLOC SIZE A-E C B B A A A 
TIME TO FORM PIN 
FLOC min N/A N/A N/A N/A N/A N/A 
SUPERNATANT               
TURBIDITY NTU 21.9 19.8 18.4 17.2 14.6 15.1 
TSS (If Conducted) mg/L N/A N/A N/A N/A N/A N/A 
NOTES: 
  
  
  
Gowrie Ck water was again mixed with East Creek Stormwater to 
produce a different mixture and turbidity. (East Ck 260 NTU, pH 7.05) 
- (Gowrie Ck 3.9 NTU pH 8.56). pH correction again required to bring 
into optimum range. Similar results to previous test. Note similar 
flocculation over all dosages. 
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Site 1 - Gowrie Creek: pH Results
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Figure D-1  Gowrie Creek pH (Toowoomba Regional Council) 
 
 
 
Site 1 - Gowrie Creek: Suspended Solids and Turbidity Results
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Figure D-2  Gowrie Creek Turbidity and TSS (Toowoomba Regional Council) 
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Site 2 - East Creek: pH Results
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Figure D-3  East Creek pH (Toowoomba Regional Council) 
 
 
 
Site 2 - East Creek: Suspended Solids and Turbidity Results
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Figure D-4  East Creek Turbidity and TSS (Toowoomba Regional Council) 
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Site 3 - West Creek: pH Results
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Figure D-5  West Creek pH (Toowoomba Regional Council) 
 
 
 
Site 3 - West Creek: Suspended Solids and Turbidity Results
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Figure D-6  West Creek Turbidity and TSS (Toowoomba Regional Council) 
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Site 4 - Black Gully: pH Results
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Figure D-7  Black Gully pH (Toowoomba Regional Council) 
 
 
 
Site 4 - Black Gully: Suspended Solids and Turbidity Results
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Figure D-8  Black Gully Turbidity and TSS (Toowoomba Regional Council) 
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Site 5 - Spring Creek: pH Results
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Figure D-9  Spring Creek pH (Toowoomba Regional Council) 
 
 
 
Site 5 - Spring Creek: Suspended Solids and Turbidity Results
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Figure D-10  Spring Creek Turbidity and TSS (Toowoomba Regional Council) 
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Site 6 - Westbrook Creek: pH Results
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Figure D-11  Westbrook Creek pH (Toowoomba Regional Council) 
 
 
 
Site 6 - Westbrook Creek: Suspended Solids and Turbidity Results
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Figure D-12 Westbrook Creek Turbidity and TSS (Toowoomba Regional Council) 
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Appendix E – Chemical Material Safety Data Sheets 
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